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Thia invention relateB to a method and apparatus tot 
henttug a.iv elongated epaec or a location containing an Glonyataa 
hiutor, Hore ysxtxcularly, the invention relates to w) c. lecrtrJ.C* J 

resiHt^ncjft he*tsr for heating fin oLongatod sujitai-r^tican bojuhoio 
■ nt rata*, which are different at, different depth*? at Xh« borehole, 
;tt J.ft Known to L>o bcmoticlai to us* alotitfatad haa-tors 
uuch 3? well heaters, for beating i.nt*.rv$lB of subterranean earth 
£ ormnt I.OTHJ, pipo interiors,, or other elongated spanes. In. various 
fyituationu, it is desirable to heat siith apscee at relatively high 

iO temperatures tor relatively 1 ion^f tinaa. Beneficial rcavlts 
Obtjciuod by euch heating may include pyrolia^qgr qil sUiUe 
formations, coUcg oil to consolidate unconsolidated rofcorvol* 
£orcfiations, coKingr oil to form elettricaLly conductive carbonize^ 
zones capable of operating RB electrode* within a reservoir 
£t>rtftation r thermally displacing hydrocarbons derived frorc oils or 
tars u\t.o p*o<Ui<:tUu locations, ^rcvcntijas formation ox hydrate, 
prftUJ.&itatt 5, or the lifce in fluids which aro being produce-cl from 
wells and /or traAsiUttea. through pipes, or. the LLKe. 

The invention aiw.u to provide a heating apparatus which 

20 is Cft^ble of generating heat at different rates at different 
iSfipt.Up in a well. 

In accordance with the invention there Xb provided \r\ 3 
process in whigti subterranean earth f ormatloris within an inturv?il 
ttoro than ICO fost long are- h&ated to a temperature of more than 
6oq°<! w so that heat in injected frubstantial.Ly uniformly into that 
interval, an iffi$rovoTlie.nt for constructing and installing a beater 

1 
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bavinqr el*<;trical cable heating section which is free of 
Hp.Mces, ooMpriol])^); cbtirftrutftintf riuid heating cablo section by 
compressive ly Hwacjinti at least one portion of a junction- .tree, 
electrical heating cable* to roduco ita aiita at said at 1uaj;c ana 
portion, said cable is at least as long &b the. earth formation 
interval to he heated and comprise &ji axiall^ alitfn&d, inallaabio, 
electrically conductive oare Eurroutided by granular TAiaer<al 
instilntion within a metal ahoatb, ao that awaked poxtion sronerates 
heat at a rate higher than the iina^agfid portion; correlating the 

10 location OH said swaging Wltlfj tho piittcrn of hfcait conductivity in 
the earth formation i\;tervai ao that at laaflt one oaTfnpiresftiYflly 
jwaged portion of the cfibla Ik locate alotij tha cable in a 
position such that, when the cable is extended along the <iartb. 
formation intfixvfil to be h^&tort, the coniprosftivul y aw3igo<i sortioti 
is adjacent to a portion of the earth formation interval in which 
Che ne&t fionducifclvtt!/ ts r«l£tiV*ly high, connecting o?iid 
Selectively swayod heating cable section to at least one power 
supply cable- and spooling tbe interconnected cab.tasj and 
im?; pooling the interconnected cable a into a welJhore along with a 

2D vedght~.BL2pporTJ.mj roetal conduit while r jLodisaJ ly attaching the 
cabloft to the conduit and extending the cables and conduit to a 
depth at which the conpre siiively swaged portions af the cahla are 
positioned adjacent to tlio oarth formations having a relatively 
hijjh thermal conductivity. 

1'he invention wiil now he explained in mors detail w3tn 
roieronce to the accompanying drawing*, in -arhiohi 
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Fisrxira 1 is a three -d itn enoional i llu'atratioii of an 
eJ,ectri<?aliy conductive cshie cant?,* mi us staged &«d im^wsyed 
portions suitable for use in the present invention. 

Elguve 2 sobe^ntillciftUY tUuPtra.t;es tbe * nettling Df an 
uloctritiai xasiatance heater withirj the wall In accordance tfith 
the present Invent J.qu, 



2a 



i 
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Figure 3 shews a splice between a metal-nshBatfiod iaaulfttecl 
pawor supply arable and a instaL-shrjatted insulated cabl£ feuitab.Te as 
a beating eXeroent of t>iE present invention 

Figures 4 au£ S> illustrate Splicos for elB^trict-ilIy intsr- 
5. OTinactiivg' the CCTr^uctdw corea of a pair of iveta L*??h^actibBd mineral- 
inflated heating cables suitable; us bo 1 rig cabJ.es in the present 
invention » 

fixture 6 abews an electrical power - supply cdrcait suitable for 
use in the present invention. 
IX) Tfa^ preeent invention is at- least in part premised CO a 

discovery that the prop^tios. of an ele^ical aondoctDr (gox£i as a 
itietai-sboathea solid irstHrj,al--in£uLatEd electrically curductive 
cable CCT5 talnioq a single copper coro) are su~h that results of an 
application of oonpres3iv¥j paging to the- outside of the roetai 

15 bi*iea.th are transmitted through the insulation to tho OGire of: Wis 
cable in a manner such th^t QfrZh of these: components oTd 
substantially siicrjltaDSCJisly r©3ucefl crrajs-aectkanai area by the 
£#r» relative amoontB. The reductions in the labile care croas- 
nGCtiarwil area can be contrailed to cause the swagaa" porticoi of tho 

20 cable to generate a significantly higher efrouut o£ heat per unit 

time than ttefc which would have been garjar&te4 without the swaging, 
QW«a at a substantially Ic^ex tesnperators. 

rn 53 preferred oafoodfanent of the invention, sixch a swaging is 
date by a process oE rotary swaging, aniountirig tn* expressing the 

25 cable with many blcws applied by rntatirvg dies. Rotating swaging 
devinaa and technique aro known and ccnTC*rcially available*. BUCtt 
Tpachinaa coccnonly ODrttaln ttoO die? which recipenncate- rapidly as a 
spindle in which thd*y aru tncHJntod is rotat^L A coeripresaive rotary 
swaging operation involves a burrmexing action which haa fch« sarce 

30 bsinaf idal materia], on ratal an forging, it produ^a a desirable 
grain structure! resulting Xn an increaaBd tensilei strength mvS 
eidBticity. The. cold (in tcapesra ture swaging tends to work harden 
CTDflt jtetallie materials- If deairert, such, a hardening (Vtn b>. ifi&de. 
mare flexible by annealing. 
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m. a rotary swacjjuvj opejratica, tiie extent to which the swagsi 
material 5 a reduced isi ajxe^secticnal area oan 1» controlled Very 
accurately. For sxAipla, sinc^ a ret^U-ebaathed solid material- 
insulated orpp^r-^or^ (^ectr3x^J.ly^onnduc7tivc cable hehrrc'RB as a 
5 solid icateriaL during a rotary sagging C£firaticn, SUCh a cable 
having a <Aisrrc>ter from about 0.69 to 1.25 cm can be swiged to a 
reduced ditfrrtStjar with att accuracy Gf &bci:rt pl.i^ ar minuB 0.0025 cm. 

figure 1 illustrates swagped and uxisw&gcd portions of a cable: 
preferred for ubb in the present invention. In tlie cab]>* shewn, a 

10 etainloss 3teel aheath 2 surround a mineral insulation 3 

Dansi sting of highly compressed grains of magnesium oxide and a 
wolid creriductive cere 4 of substantially pare capper i& 
'cnnasntrloaLLy surrounded by the- insulation and sheath. In a cable 
Of* the type atovn, where tfcft inner and Cuter djamstefrfl of the 

VS Pheath 2 7 ,25 and S Tail and the- diamator of the cos* 4 ia 3 nffi, 
iu bhs uuiHwaged portion , the cab.la may generate- a teamperature at 
about €00 "C when oanducttny 180 enpemes of alternating current-. 
However, ii> a swaged pcrtica of die cable having ft diamtor reduced 
by IGS, a beaiper^ure of about BSO °c is generated when tho cable 

20 \ a cmdLctirg the ssnre rcjrrent in tha saine environment* 

In a proierred embodiment, the preset Invention can be 
utilised for providing a fcrmaticm-tailorad irethod and arcpariitufc 
for uniformly hearting long interval* of aubterranaan earth 
fbrmtiona at high tetDpcrature . £conandins to this Jtfithcd 

25 si&tejrxanesn. intervals are. heated vith an electric heator 

containing ab.leaRt one spoolable steel-sheathed mineral- Insulated 
<?abl(S having a stolid oantral core of high electrical conductivity, 
Such a tanblti cew be cirranyei to heat tha earth Sanaa CiciiB so tmt 
baat its transmitted into the for] rat ions at a substantially uniform 

3?) rata, evert when the hosting ^ralvaa mare than about- 330 vratts per 
metre at te^peratLanos between about 600 esnd LOGO a C. The uniformity 
of the bent tran£/flib'sion is ensured by providing the heater with a 
pattern of electrical resistances with d=rpth within the well 
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a^ri-i^atea with tlie pattern* of heat cxsndLUCJtiv.tty wich depth within 

ths siwrraunding earth foriuat±cn3, 

Figure 2 shows a praforred embodiment of a woll heater of the 

present iiwention baing installed within a wall. Aff sJlOtfll, a pair 
S of selectively swcujafS IHiAtcr Cables with swiga;! earA Utott/&.9ed 

porticna of tbe typ* sJicwn in Figure 1 are facing on pooled i.nco a 

well from spooling meana 5 and 6 vhile a support iresnter 7 f such as 

a wire lino oar spoolable metal conduit, is ooncivn^tly ainapcolod 

j.nto the- well irom R spooling means (not &icwn) . The Aower end of 
ID the support JietiriS 7 is attafihsi to a motor irosiu 9, soph' as a 

giriker bai for a vertical well or a punipeibls or otbea: iodCot Tirana 

for a substantially horizontal rail* *Fha lower- ends oJ: the heating 

05ble r rawageti portions lb, are LTA&cbanically attached to A cable 

junction or enc^cranecbor 9 in *Mch the ccntfuctrve. oares arc 
15 eleotric&lly interconnected (as shewn in more detail in Vigure 4). 

■Its junction 9 is alsr* msdjarsically connected to the support- marbei- 

7 , for exmrpio by a strapping means 12. The lcwar ^ai<Ls of the cable 

portions, *Mch are swagexl for increased heating; arc electrically 

intarooonactsd in the CTitf connector 9- and positioned to QKfcencl 
20 through ths zone edjlesstad for reooivirjg the ircorenssul heating. 

unawaged portions la of* the heftttr^ caries, designed for 

minrtinal heating along the a;onQ to be heated, are positioned to 
. extend edxwe the gw^iqed portions ib for a distance sufficient to 

re&ch a aono which is cool enaagh for an intt^irooiiriec'tijon of tls 
25 heating cable portions ia with powar supply cables 10 by mewia o± 

joints or slices U fexr electrically and msdlnasieally inter- 

Donne^tincj the powar supplying ar4 bsatiiig cahltia. ibo power supply 

cables 1(J ore arran^ei for CRT eying- a selected amount of current 

while generating Coiiy a nslttiTTft]. effaount of heat, Tba details of 
30 suitable mechanical and electrical cable connecting joints for ilea 

with nratal-sheathed TOLnarral-insol^btid power surely ivq cables jire 

illuut^fco^ -in Figure 3, 

As the beating and power supply oablas 1 and 10 axe run into 

thd wail, along vrttli tile we i, n;ht- support i n% strand the cables are 
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periodically attached to the* strand 7 by means of uIur^s or 
t?tr capping K^ans 1.2- Such clomgxs iufG arranged for crea±i[jy $ 
friction between the cables and b'tt&ftd which ie sufficient to 
Support the weight of the lengths o± tha oflblPS whioh axe luce* ted 
5 bofcw&ett the clarcps. 

Figure 3 illoatoites 6fctal.l3 of preferred &rrangwientH of 
splices 11. As shewn r the: power simply cablu 10 has a metal sheath 
14, such as a ceppar BheaiJi, surrounding an insulated olecto.cally 
conductive, core 13 having a exxrbinatiora of c^c^B-aeotiunal area and 

10 electrical real starve per unit of length adapting it to carry fcba 
current to be used in the heating Cporatlon while generating only 
an insignificant arcount of heat* Ah- shewn, the power cable sboath 
14 aa well as & power cable care 13 ctffc larger than the ahanth 2 
and cc-re 4- of the unsxxtgcxS port^crt of heating cable- la. Tte 

15 o^iSactive cores of the cable are electrically int^rcoinccted r 
preferably by we] ding* Xn general, the paw?r cable can oa^rise 
^substantially any typa of electrically concluctive cable which is 
adequately heat stable at the tenperature generated by tha cuiairrram 
heating portion o£ a boating cable each as lfl, the neximani 

20 selected heating teti^ratura is sufficiently lew and/cor tlie 
distance between the pewor supply and zena to heated is 
adequately sbcort;, tha pa^r supply cable c^.n emprise, si irotal- 
sheathed mreral-iiifeu'kitiflci ^lid-coxied cable vfrich is fiQlootively 
R-tfagea to provide tbo elected heating- tenperatajre that ISO 

?5 splices s»ch aa eplicea 11 aro flooded. 

As shown in Figure 3, a relatlvoly short sleeve 15, aatih cts a 
steel fiflt.'tiwe/ 15 fitted around and waldsd or braced* or otherwise 
jra^Jwiically attached/ to the abeath 14 of the power' cable 10. Tbo 
sleeva 15 is prererabiy selected to torn cm inner diameter forming 

JO an annular sp&oo botwe>en it ariS abeath 2 latfge. one ugh to 

Ewxxsnxigdate a shorter atcel sleeve 16 fitted around the sheath of 
tl;e coble la> In □ prolurrcd asseiifyl.ing prooaiure, before ioser fcir-g 
the short sleeve 16, Bube-tor/tisilly all of the annular e#s.os between 
the cable core Tpenfcera 4 and 13 and sleeve "IS* ia filled with & 
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poNdererl mineral Insula. tin g ciatRrial &Lich as magnesium cxide. The 
in^ul^tj.ng material i& preferably deposit^ V/ithiri both hhe annular 
space between tiifo cable cores and the Bleeve 15 as we.U as the 
E^ace between the sleBUC 15 and tbe steath 2 c/i the cable la, and 
. fl vibr&tcd to <x*rpact the mays of particles, Cleave 16 CM then be 
driven Into cts space bertwaem the sleeve 15 and a heath 2 so that, 
tha tress of rcdnera.\ insulating particles is CDJirpacted by the 
<Jrx\'irxg fores. Slo^vei; 15 and IS and aheath 2 are then welded or 
braised togetl^jr. 

10 Picture 4 illustrates- details of an end oannccvor c<r splice 9. 

As shewn, cables lb ara cKtonded through fccujea in e steel block 9 
so th?it short flecticn& lc extend into * cylindrical opsnincf in tiie 
cemtral port ton of tlia bltfdk. Tlie electrically conductive OCirefl of 
the oabteg are welded teg ether at weld. 17 ana the cab.Le- stoaths are 

1? tffettfsd bo block 9 at we Ida IB- Preferably, the central conductors 

□f ttta cables are sgrra.Tnde.3 by a hent etsble olectrica\ insulation 
such as a flitiss of compacted powdered mineral particles ancVcnr by 
<Usc? Qf ceramic materials (not shown) , after which the central 
opening is sealed ^ for ejcampla r by weldi^-crn pie^aa of steal (not 

20 3tava>i Where the beater is supported, 3)3 sbxwn in Figure 2, by 
attaching It bo an elongated cylindrical structural merabar 7, a 
groove 39 is preferably fomofl alcog an exterior portion of end 
splios 9- to mate with tta stacuctural meflubor and facilitate the 
attaching of the cod pleoe bo that irembar, for emnple, by a 

2*5 strapping rtejuns 12. 

.Figure 5 bJicm9 a preferred type of end connects ^hicft 
olimuiateB the nee3 for fitting and welding a heater aibte to £om 
a pair of heater cables, such as c-^ble^ I'be beater cable is 
siirply bent into a u-turn and [necbanloaHy ciainpecl to block 20 by a 

30 bolbed^ycltfjirping plate 21. Tha bloak 20 is preferably provided 
with groovy 22 to facilitate tbu clanping of it to a cylindrical 
structural rftai-iber si^h as the cylindrical rnerabor 7 shown in 
Figure 2. 
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In general, ttv* power supplying eleoenta cvn cornpriee 
substantially atiy Pfc cac LC syfetdttl CfepahLs of caua.ing a baatjOr of 
th a present type to be-at at ths eoledbecl re^s Lively high rata. Such 
a heatir,g rato c&o be abcut 3311 w.srttE par iretre or roar a, 
5 Fissure 6 i& a diagram of a preferred a^rran^eensttb of 

alternating current electrical pswsr supply Irjg eleajentg suitable- 
for the present type of heater. r rhia arraiugeitsGfit Incites UWQ 
Inverse:, parallel P EiZioon-controlIec) rectifiers <9CRs) in the 
circuits of. toth elements o£ a two-slefnejit heater. In such a 
10 balanced system tte boater Ixigs should Jbe of equal resistance 90 

that tba edible- core junction, paint A, (within end oaruiBctDr 9) can 
remain at 2oro voLtatpe or virtual ^rouund potential, a^e Bheaths of 
the beater cabldfe are connected to tha grounded 0CTitT6 tap of the 
tra/isftMcrrer «rjccodary<. Since point A reprecentB tha wsld&d 
15 coarjGCtion WLfchvp the end pitoo 9, the po&enti.al difference between 
the conncctiOflfX and the housing will bo zero for all practical 
purposes. Tbsse points rauld be in ^Isetrical contact without any 
conduction of current* At points advancing upward along the lege of 
the hBabar, the potential differeax>* batwiS&at tbo sheaths and the 
20 central conductor can increase and finally reach cnaxj[flum3 as 
plua or mimiU£ 2^0 V. 

In various Bituation& in which an elongated space ia to be 
neatad, tiie in aitu thermal conduction way vary ^i^ni.ficorjtly 
within various layers or locations aloogr that space. A mora hoat 

23 Oonc?i active layer will carry off thft h&at generated, by a heater 

.faster than a less conductive layer. Aa a result, the tenparature- 
xcraintained by an eiectrica.1 raaistancei )io&ter carrying a given 
amemt of curront will be ijower opposite a mors conductive layer > 
In aituaiidflS in which it is des^reS to nfe-iiiitznin a f Jat or uniform 

30 heating rate along the &£*ace being heated, it ia desirablo to 

reduce the heater oorei cross-sectional area in prefer to gancr&te 
^eat at the aane rate eis that in otJier porticos o€ the heater which 
ane Hotter, 
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.Art olecfcrical rRBist^uLCO heater can be csuewd to generate 
selectee! hesrtlrcr rav.£fl at difi&nent loca.ti.nnB alccig the heater Jry 
installing hD&ter sections oantidnirej - coavaucbora of Varying closes- 
auctions, 'Afce bjuaLljear oare or C^viucbar crO££?-sectinnB exhibit ware 
5 resistance to tha cloc?fcrical triirent flow and thua generate test st 
a rate Mgber than wculd be garjerabefl by a thicker core at the 9 me 
ten^orature. Far exaii£>le r it can teat at a £?alecte<l rate at l&txir 
te.Tip^xature existing along a relatively mams hecit craiducfc.we layer 
01- Konc; vithin tbs apace. b«ir/j heated, 

to Tho present invention provfcte? a. netixxS of, causing a better 

having an alectrically conductive oare which ia cmtinuous and 
limitary to gtsnarate ccu&tant and/ or Selected aaicunta ccf heat a tog 
one m: a multiplicity of different partion* of the heater Without - 
requiring a soLtittude of heating cabl^ splices. Particularly wlwure 

15 thfl heating is to ha oandtKted at- relatively hi<jh teiperatirrea far 
long times, -welding prc&lems and c^portunitieB £or loaksge are 
inherent .in any cutting and splicing of electrical ' hsatingr cablsn, 

Irj respect to an electrical resistance Visiter rarpcriaing a 
pair of electrically lubRrcaTTnactad ^natal-sheathed solid irutcrial- . 

2D insulated cobles eacft containing a maiiesble Crtetal. electrically- 

OQTiducfcive cars, foiar sets of rnfcary bitching dies can te arranged 
for poKDoiddng i^jreentages of aiairetrical rodJiicticris of 6, 12, IB 
and a<l in the initial overall diameter of oach oable and its 
conductive uoxg. By reducing oc>e portico Oct the cable cttaneter by 

JJ f j 6% and another by 12%, the overall reduction is 9*. 3\*zh 

pfirocedure?, tba overall cux^s-secticoal re^uctiana for both legs at 
the bsatex can be provided in flight sr^ps of roiighly 10S each, For 
axflnple f see fihe following tabla: 




http://patents 1 .ic.gcxa/fcgi-bin/any2html 



11/7/2001 



01253555dis.afpPage 11 



Page 2 of 3 



- ID - 















LEG 2 
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.11,6 




6 






12 




12 


12 




12 


IS 




18 


LB . 




1.5 


24 


75. CI 


24 


24 





la a procedure r if the ^bove-deEicribai pnxsforroJ power 

supply is to be used, it i& necessary that each leg of tha hotter 
after inductions iu its care di^nst^r have en overall reBiatanco 
equalling that of the other leg after reductions in .its core 
S diameter. This is noO£33axy to ensure thQ zero voltage potential of 
the iretei'oonrtCXrtied cavSyctora in the ervd piece. 1^9 r it is 
necewary bp divide the cveretll extents of electrical core 
reduction evenly awx Loth lengths of tb^ hsater, 

Substantially any ccciioi'os^ive swaging procedure which is or Is 
10 substantially equivalent to rotary sw&^tng can suitably he used in 
practising the present iTW^tign* 'I&cair^les of staging nHchinus 
9Jid/or techrblques which <7#n Equitably ho used ace incluKi^re of diu 
closing swaging machines, such aa those jfcauif&c&irecl fry Tha 
Torriri^ton Cunpony, or Abbey Aetna ^ chine Oixqpmy or Vc&n 
f acturirvg , etc. 

fcwer au^ly cables capebLe of. tran Emit ting the amount of 
current selected to b=* ueod while- getKwrating only a relatively 
Insignificant amount of baat and having sufficient thecal 
stability fox electrical dtA ftoctfianloal ati^a^ftnent to the motaL 
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tfheai-liad cable seluotefl for qoenerating a cllininuici eTOVmt of heat can 
suitably be used in this lnvent-ion , Efccanpi&s of sush cabteB incluute 
those available as DICC/Pymtcriac MI rabies. 

In gooemlr in a situation in which an electrical cionclactor 
5 need not ix> insula te3, the present invention can ba practised wtth 
substantially any e.V^tric-ol cco^ucbox: v/frich ie continuous and 
unitary (i.ti. is a continuous body froo oi interconnected " t^ccnts 
or strands > Ejnd has- a core or conductor thickness (i.e. a clxjbS- 
secbiooal acraa of the electrically ccndicctivo ir&terlal.) which is 

10 different in different locations along the length of the electrical 
caruftjetor. Preferred ate^triaaJ conductors caflfarise sanc;^ 
conductive cones of malleable metalg ox alloys surrounded by a bsat 
stable- eolici jlvsoUteo iretefial witllin a heat stable Jtt&tftl Sdieath 
Buch. as refractory pcw3er ox solid fibre insulating materials 

15 w.ifchiu copper or stool slieatha* A copper core surrounded by 

paired magn?aiurti oxida within a copper sheath for US*? at moderate 
temperateLireB, or a stainless steel sheath far use at xvtgh 
temperatures,, is paxticul&riy preferred. 

In general, the preBent invention can MtilxEDd to initiate 

20 isni jtaintaJn a substantially uniform rate of lieatirxf along a space 
containing at least on?, portion having a rolabively lew rata of 
lieat conductivity and/or to estahliEh zjid mintfJn a relatively 
high rata off bating along selected portions along" a space 
• thrcaghoat ^hich the rate of heat conductivity is nearly urufornu 

25 lbs variations in haa± carvcluctavity with di stance along sn 

elcr^.ted path can be deterrriine^ by tcw^h pf ngji^rous kn^.m wid 
available de/icsa arxi technlcjilfiS. 

In a particularly preforrod procedure far utilizing the 
praemt invention tor heating along a path along vfrioh the haat 

30 conductivity is non-wifarm, a selection is mads of the rate of 
beating to be provided when an electrical conductor having the 
cEinpoeititai bo ba usee! is cctyJucting the ancunt of current to ba 
used within □ honsoganaous; medium Iwjjk? th& lowest heab 
ccoductivity bo be encoiintccocd a Seng the path to be heated. The 
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nkaxlWM&i thicknaasS for t'ne electrical conductor bo used i& then 
the bMclcneaa which provides, that rata of hsativ-g in th&t 
situation, ihe thickiLCas of portions of the conductor to b» 
positioned slang porticos of the pGLth whldi have lvicjber heat 
U conductivities are then /rade thinnsr to an *2fctx$ftt substantially 
CcnpGnBatlng for Cba jcqtS rapid cartfuctirag^way of th£ he*t by 
those highar haat oautontivittes. 

ftitemati^ialy, where it ia desirable to generate heat at 
restively rapid rates along portions of a peth tn bo heated (for 

10 ejcairpTe, along top and hot: ton portions of a Hubrterrane&n earth 
forma T4nn} auch on arrangement can ba iksda, although. thB toteit 
Cd^uctiviiy may substantially uniform all alcugr the path to ]x? ■ 
heated* Xte oonditctor thickness aid resistance to be uesd along 
mast of tJie cable conductor are select to prcviclc the seabed 

t5 rate of hpating along a hcrnogeheous nafcerial having the. lui&t 

ggr^uctivity c/jmioa to most of tho itttarval- to be heated. Then, Cha 
more rapid haatiutf rate alc^g 9EleK±e:3 porticos- of the path can be 
obtained by thinning the portion* of tha ocrttdujctor to he exterj&sd 
almg those portions of! the path. 
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THE ftMBOTOlCtnTR OF THE INVENTION IN WHICH 7iH EXCLUSIV3 
PROPERTY OK PRIVILEGE 12 CLAIMED ARE DRPIMBD AS i'DLX-OWS ; 

i. In a process in which aubterraneau earth f o run a.t i B 

within an interval mora th.au XOfl feet long are h&fcfctfd to A 
temperature ot more tlmti 600°C. f ao that haat is inj&ct*d 
substantially \mi JonUy into that Iut*tval f in improvement far, 
construe ting and installing a heater having an electrical cable 
heating section which i& free of splice*;, comprising > con&tr u-ctiag- 
s-fiiG hft&tJ.n^f cahle lection by compresB ively swaging at least one 
portion of a juDDtion-tree electrical heatiny oablfl to reduce ita 
Size At Buld At least one portion, said cable is at least &g long 
aa the earth fo.rmatlon interval to be; heated and Comprises Sih 
axial \y aU?ned r maileahls, electrically conductive coi-b 
surrounded by granular xUueral jlneuiation within & netai eheath, 
bo that &wage<l portion gr$n*r«tes hoat at s> rate higher than the 
utii^agfid portion; car vela, ting the location of said swaging with ■ 
the pattern of heat conductivity in tlio oarth formation interval 
bo that at Laaat cne comprasaively swaged portion of the cable JL21 
located along tha cable iu a poeitioft PSUCh that, vh^tl tho tfAblc in 
attended along thu sarth formation internal to he heated, the 
coisproHsd valy swaged portion ia adjacent to a portion of tUe earth 
£orm&T-lo]l Interval ifl tthJ.ch the heat conductivity ia rfllatively 
hltfhj connecting said selectively swaged ha at lug cable section to 
at least one power supply eahie and ^oolincr the interconnected 
cables; and unapooling the int.ercoouest&d cables into a wellborn 
along with a weight- supporting metal conduit vhil<i tuaxiodical ly 
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attaching Uie cabJUfl to the. ecmduit. a.ud extending the cables and 
conduit to a do^th at wtiicit the coihp tensivoUy stfagfod portions ui? 
the cable are portioned adjacent no th« earth fcorflAtione having a. 
r^lativaly high thermal conductivity. 

SWART Sc BIGG AH 
PJ\TBHT AGENTS 
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A_B 3 TRACT 

IfflT.lStG RATS VftKIfiNT 
E3X£sGkTED ELHCTPTCAL RESISTANCE HEATER 

fin elechrjucal resistance beafcer capable a£ generating teat at 
different r&tes at different lo^itlOtOS a.lx^ ita length a 
ccntinuDus and unltaxy e.Tactuical oonducbor hacvxr^ a thi.6kitt:&3 
which is different at different locations along its length. 
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